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(71) We, HEMATECH INC., a cor- 
poration of Ontario, Canada, of Toronto- 
Dominion Bank Building, Toronto-Dominion 
Center, Toronto, Ontario, Canada, do hereby 
5 declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

10 This invention relates to blood substitutes, 
and to methods for their preparation. More 
particularly, it relates to novel compounds and 
compositions which can be administered to 
human patients as a blood substitute by trans- 

1 5 fusion. 

It is a well known and well documented 
fact that the demand for blood supplies for 
administration to patients undergoing surgery 
and other emergency medical procedures has 

20 increased very rapidly over the past thirty 
years or so. The demand often exceeds the 
supplies available from human donors. Even 
larger volumes of blood would be used if it 
were readily available. Effective surgery is 

25 often postponed because of shortages of blood. 
Medical techniques continue to become more 
sophisticated and successful, so that the amounts 
of blood required continue to increase. Extra- 
corporeal techniques require large quantities 

30 of blood, mostly for temporary use. There is 
therefore a need to develop blood substitutes, 
and to make the most efficient use of blood 
supplies which are available. This need exists 
not only in areas where advanced medical 

35 techniques are practised, but also in under- 
developed areas of the world where expensive 
facilities for blood banking and blood typing 
are not available. 

A vital function of blood in the body is the 

40 delivery of oxygen to the cells and tissues of 
the body, so as to maintain the functions of 
the various body organs. Certain compounds 
such as dextran, hydroxyethyl starch, poly- 
vinylpyrrolidone and gelatin have been pro- 

45 posed in the past for use as blood substitutes 
or plasma volume expanders. However, they 



do not possess the required ability to deliver 
oxygen and yield up the oxygen to the body 
tissues, so that they are not useful for the 
management of acute haemorrhage. 5( 

Two kinds of preparation have been pro- 
posed as oxygen-carrying blood substitutes. 
Some perfluoro compounds such as perfluoro- 
tributylamine, perfluorodecalins and perfluoro- 
cyclic ethers can be prepared in the form of 5! 
stable emulsions which have a high capacity 
for delivering oxygen. Whilst these compounds 
appear to be generally free from short term 
side effects on the body, other than incidences 
of lung lesions and thromobocytopenia, their 6< 
possible long term toxicity is currently known. 
Also, the compounds are difficult to synthesize 
and purify. 

The second kind of preparation is haemo- 
globin solution. Haemoglobin is well known 6 ; 
to be a principal constituent of the red cells 
present in blood. It is a complex protein 
material containing molecules of iron. Its com- 
position and structure have been extensively 
studied and reported in the literature. Its 7( 
function in the animal body system is under- 
stood to be the transportation of oxygen to 
cells and tissues. Haemoglobin has the power 
of combining with oxygen easily and giving 
up the oxygen readily when the body requires 7f 
it. 

Use of haemoglobin solutions has the advan- 
tage, as compared with use of whole blood, 
that blood typing does not have to be under- 
taken. Such solutions therefore can be given 8( 
to a patient in an emergency without taking 
the time to type and cross-match the blood. 
Blood types are understood to be determined 
by certain antigens present in the red cells of 
blood and certain natural antibodies present 8f 
in the blood serum. Haemoglobin is not re- 
sponsible for blood typing. Moreover, haemo- 
globin is a much easier material to store than 
whole blood, and does not deteriorate as 
quickly. Stocks of blood have to be discarded 9C 
after a relatively short period of time. Haemo- 
globin can be isolated from blood and frozen 
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so that it can be stored for much longer periods 
of time. Use of haemoglobin solution instead 
of whole blood thus has significant advantages, 
and tends to alleviate problems of lack of 
5 supply of whole blood, particularly lack of 
supply of blood of specific types. 

However, haemoglobin is rapidly excreted 
from the kidney as urine from the sick patient. 
Frequent massive transfusions of haemoglobin 
10 solution must therefore be employed, and the 
high rate of excretion poses a potential hazard 
to patients with pre-existing renal disease. It 
has been reported that the half-disappearance 
time from the circulation, of haemoglobin 
1 5 administered as solution by transfusion, is only 
1.5 hours in monkeys. 

The present invention provides a product 
having oxygen-transporting capability, which 
may be used in a blood substitute or blood 
20 extender composition, and which is the high 
molecular weight water-soluble product ob- 
tained by covalently coupling haemoglobin 
with a polysaccharide material selected from 
dextran, «-hydroxyethyl starch, and J3- 
25 hydroxyethyl starch, which has a molecular 
weight of from 5,000 to 2,000,000. 

Also, according to the present invention, 
there is provided a process of preparing a 
blood substitute or blood extender composition 
30 suitable for administration to an animal or 
human patient, which comprises coupling 
haemoglobin with a polysaccharide material 
selected from dextran, <*-hydroxyethyl starch 
and /?-hydroxyethyl starch, of a molecular 
35 weight from 5,000 to 2,000,000. 

The preferred products of the invention are 
macromolecular products having molecular 
weight of at least 70,000 and having the 
formula (PS) — X — (HB) where PS is the 
40 polysaccharide, HB is a haemoglobin and X 
is a covalently bonded bridging group. 

The products may be formulated as blood 
substitute or blood extender compositions in 
any suitable manner. Such compositions pre- 
45 ferably comprise an aqueous solution of the 
product. The solution may be buffered in con- 
ventional manner. 

The problem of rapid excretion of a haemo- 
globin when administered as a solution appears 
50 at least in part to be a consequence of its 
relatively low molecular weight and the 
chemical product according to the present 
invention has been found to have a sufficiently 
high molecular weight to allow its adequate 
55 retention in the body. In addition, the product 
according to the invention has reversible 
oxygen transportation capacity, allowing it to 
contribute to this important function of normal 
blood. 

60 The preferred process for preparing the 
complex product according to the invention 
comprises the steps of first reacting the poly- 
saccharide with a suitable chemical reagent to 
form a modified polysaccharide having on the 

65 polysaccharide molecule a chemical group 



capable of chemical interaction with groups 
on the haemoglobin. The polysaccharides used 
in the present invention, dextran and and 
jS-hydroxyethyl starch, have a plurality of 
hydroxyl groups in the molecule. Thus, a 70 
reagent is chosen to form the modified poly- 
saccharide which is capable of reacting with 
the hydroxyl groups without of course dele- 
teriously affecting the polysaccharide in other 
respects. Such reagents are well known in the 75 
art, and include those having chemical groups 
such as carboxylic acid anhydride, acyl halide, 
substituted alkyl halide and sulfate, cyanogen 
bromide, periodate, isocyanate and epichloro- 
hydrin. go 

These reagents used for preparing the 
modified polysaccharide should, in addition 
to the above-mentioned chemical group for 
reacting with hydroxyl on the polysaccharide, 
be capable of putting, onto the polysaccharide, 85 
groups capable of subsequent reaction with a 
haemoglobin, or with some bridging com- 
pound capable of subsequent reaction with 
haemoglobin. As previously noted, haemo- 
globin is a complex protein material. Thus 90 
it has polypeptide chains containing the poly- 
peptide linkage — CHR — CO — NH — 
R 1 CH — derived from amino acid units. A 
fairly large variety of different aminoacids 
are involved in the haemoglobin chains, and 95 
these aminoacids provide chemical side group- 
ings on the haemoglobin protein molecules 
which are available for chemical reaction with 
the modified polysaccharide. 

Among such available groups on the haemo- 100 
globin are the following: 



105 



ammo 

phenolic hydroxyl 

sulfhydryl 

thiomethyl 

imidazo 

carboxyl 

guanidine 



Thus there is preferably used in the present 
invention a modified polysaccharide contain- 110 
ing at least one chemical group capable of 
reacting with at least one of the aforemen- 
tioned available groups on the haemoglobin 
molecule. Such suitable chemical groups on 
the modified polysaccharide are as follows: — 115 

acylating groups which react with the amino 
groups on the protein, for example acid anhy- 
dride groups, N-acylimidazole groups, acid 
azide groups, N-carboxy anhydride groups, 
diketene groups, dialkyl pyrocarbonate groups, \2Q 
imidoseter groups, O-alkyl isourea groups, S- 
alkyl isourea groups, sulfonyl halide groups, 
sulfonate ester groups, and carrxidiimi de- 
activated carboxyl groups. All of the above 
groups are known to react with amino groups 125 
on proteins to form covalent bonds, involving 
acyl or similar linkages; 

alkylating groups which react with sulf- 
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hydryl (mercapto), thiomethyl, imidazo or 
amino groups on the protein, such as halo- 
carboxyl groups, maleimide groups, activated 
vinyl groups, ethyienimine groups, aryl 
5 halide groups, 2 - hydroxy - 5 - nitro - benzyl 
bromide groups; and aliphatic aldehyde and 
ketone groups together with reducing agents, 
reacting with the amino group of the protein; 
ester- and amide-forming groups which 
10 react with a carboxyl group of the protein, 
cuch as diazocarboxylate groups, and carbodi- 
imide and amine groups together; 

disulfide-forming groups which react with 
the sulfhydryl groups on the protein, such as 
15 5,5'-dithiobis(2-nitrobenzoate) groups and 
alkylmercaptan groups (which react with the 
sulfhydryl groups of the protein in the presence 
of oxidizing agents such as iodine); 

dicarbonyl groups, such as cyclohexandione 
20 groups, and other 1,2-diketone groups, which 
react with the guanidino moieties of protein; 

diazo groups, which react with phenolic 
groups on the protein molecular; and 

reactive groups obtained by reaction of 
25 cyanogen bromide with the polysaccharide, 
which react with amino groups on the protein. 

Thus, in summary, the complex according 
to the invention may be made by first modify- 
ing the polysaccharide chemically to produce 
30 a modified polysaccharide having at least one 
chemical group thereon which is capable of 
reacting with an available chemical group on 
the haemoglobin protein, and then reacting 
together the modified polysaccharide and the 
35 haemoglobin to form a covalently bonded 
complex thereof utilizing the chemical group 
reacted onto the modified polysaccharide. 
Reactions of the various groups referred to 
above which can be put on the polysaccharide 
40 with proteins are known in the art — see for 
example "Chemical Modification of Proteins" 
by Means & Feeney, published by Holden 
Day, 1971, and "Advances in Carbohydrate 
Chemistry and Biochemistry", Vol. 29, edited 
45 by R, S. Tipson and D. Horten, published by 
Academic Press, with chapter by Kennedy on 
polysaccharide derivatives. 

It is preferred according to the invention to 
react the polysaccharide to produce a modified 
50 polysaccharide having groups which will react 
with the sulfhydryl groups of the haemoglobin. 
Particularly preferred groups for this purpose 
are the halocarboxylate groups. 

Specific examples of preferred synthetic 
55 methods for preparing the complex according 
to the invention are as follows: 

Method I: The polysaccharide (PS) is 
initially reacted with cyanogen bromide 
(CNBr) to form an activated intermediate 
60 which is reacted with diaminoethane to form 
an aminoethyl - isoureido - poly sacca ride of 
the formula 

(PS )_ O— C(NH)— NH— CH 2 — CH,— NH S 



The linkage between the ethyl group and 
the polysaccharide is most likely an isourea- 65 
type linkage, although other types of chemical 
linkages are not completely ruled out. The 
aminoethyl - isoureido-polysaccharide thus 
obtained is then a cy la ted by reaction with a 
haloacetyi halide (YCH L . — COZ, Y and Z 70 
each being a halogen atom), e.g. bromoacetyl 
bromide, to form a haloacetyi - aminoethyl- 
isoureido - polysaccharide of the formula 

(PS )_ O— C(NH)_NH— CH,— CHo— 

NH— CO— CH,Y 

This, in turn, is reacted with the sulfhydryl 75 
groups of haemoglobin (HB) to form a 
haemoglobin - S - acetylaminoethyl - isoureido- 
polysaccharide of the formula 

( PS ) — O— C ( NH )— NH— CH,— 

CH 2 — NH — CO — CH 2 — S — ( HB ) 

The polysaccharide is preferably dextran 80 
and Y is preferably bromine. 

Method II. The polysaccharide (PS) is 
initially reacted with a 2-haloethylamine, e.g. 
2-chloroethylamine, to form an aminoethyl-O- 
polysaccharide of the formula 85 

(PS ) — O — CH L — CH 2 — NH 2 

As in Method I, this product is reacted 
with a haloacetyi halide, e.g. bromoacetyl 
bromide. A haloacetylaminoethyl - O-poly- 
saccharide is obtained, having the formula 90 

(PS ) — O — CH 2 — CH 2 — NH — CO— CH,Y 

When this is reacted with haemoglobin, the 
product is a haemoglobin - S - acetylamino- 
ethyl - O - polysaccharide of the formula 

(PS ) — O — CH 2 — CHo — NH — CO — QS 

CH 2 — S — (HB) 

The polysaccharide is preferably dextran 
and Y is preferably bromine. 

Method III: A polysaccharide of the formula 



CPS) 

CH0H 

is reacted with sodium periodate to form a 100 
dialdehyde of the formula 



CHO 

/ 

(PS) 

\ 

CHO 
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Reaction between the dialdehyde and the 
amino groups of haemoglobin (HB) yields a 
haemoglobin-N-polysaccharide of the formula 



CH 



/ 



OH 



CPS) 



CH 



N 



OH 



5 The polysaccharide is preferably dextran. 
By proper adjustment of the conditions 
under which the modified polysaccharide is 
reacted with the haemoglobin, a yield of over 
90% of coupled complex product can be ob- 
10 tained, rendering separation of the product 
from residual react ants unnecessary. For 
example, where the modified polysaccharide 
is a N - bromoacetyl - aminoethylisoureido- 
dextran (Br-dextran) prepared as described 
15 above, the concentrations of the haemoglobin 
and Br-dextran in the coupling reactant solu- 
tion, and the reaction time, can be adjusted 
to give over 90% yields of coupled products. 
Too high a concentration of reactants leads 
20 to gelation of the reactant solution and forma- 
tion of a cross-linked product of excessively 
high molecular weight which is usually un- 
desirable. It is preferred to use a molar ratio 
of Br-dextran to haemoglobin close to one, 
25 or less than one in the case where a dextran 
of high molecular weight is used. Formation 
of cross-linked product may also be inhibited 
by lowering the pH to stop the alkylation 
reaction or by adding mercaptoethanol or 
30 cysteine to react with Br-dextran in competi- 
tion with the haemoglobin sulfhydryls. 

As previously noted, the polysaccharide used 
according to the present invention has a mole- 
cular weight of from 5,000 to 2,000,000. The 
35 preferred molecular weight range, especially 
in the case of dextran, is from 5,000 to 
200,000, and is most preferably from 20,000 
to 70,000. Within such molecular weight 
ranges, coupling with haemoglobin takes place 
40 readily, and the reaction solutions have suit- 
able viscosities for ease of handling. In addi- 
tion, dextrans of molecular weight below 
90,000 are known to be substantially non- 
allergenic, and are therefore desirable for use 
45 in the present invention. 

The coupled product of the polysaccharide 
and haemoglobin may be a one-to-one 
coupling, or there may be several, e.g. up to 
9, molecules of haemoglobin coupled to one 
50 molecule of polysaccharide. This can be con- 
trolled by the relative amounts of reactants 
in the coupling reaction, and control of other 
reaction conditions such as time, temperature 
and pH. The preferred products of the present 
55 invention have molecular weights of at least 
70,000. The most preferred molecular weights 
for the product are from 85,000 Oto 135,000. 



The haemoglobin-polysaccharide complex 
may be recovered in a physiologically accept- 
able carrier ready for administration to a 60 
patient. The reaction medium in which the 
complex is formed may constitute the carrier, 
provided it is physiologically acceptable. 

The following Examples illustrate the inven- 
tion. 0 5 

Example 1. 
Preparation of Dextran-Haemoglobin 

Complex. 

0.3 gm of cyanogen bromide is dissolved 
in 3 ml of acetonitre and added to 100 ml 70 
of 2% w/v dextran solution (mol. wt. 
200,000) . The pH is maintained at 10.8 with 
1 M NaOH for 5 minutes. 2 ml of ethylene- 
diamine are then added. The pH is adjusted 
to 9.5 with concentrated HC1, and the reaction 75 
mixture is left overnight. 

The mixture is dialysed thoroughly against 
distilled water and freeze- dried. The freeze- 
dried aminated dextran can be stored for a 
long time. 80 

All the activated dextran recovered (1.6 — 
1.7 gm) is dissolved in 50 ml 0.1 phosphate 
buffer, pH 7.0, and 2 ml of bromoacetyl 
bromide is very slowly added, with vigorous 
stirring, over a period of 2 hrs. The pH is 85 
constantly maintained at 7.0 with the addition 
of 1M NaOH. When the reaction is over, the 
mixture is dialysed thoroughly against dis- 
tilled water and then freeze-dried. 1.4 gm of 
brominated dextran, or Br-dextran is recovered. 90 

1 gm of Br-dextran is added to 30 ml of 
a 2 — 3% w/v solution of human haemoglobin 
in 0.1M sodium bicarbonate buffer, pH 9.5, 
and the reaction is allowed to go overnight. 

Dextran-haemoglobin and free haemoglobin 95 
are separated from each other on a Sephadex 
(registered Trade Mark) G-200 column. 
Yield of dextran-haemoglobin is 70 — 80% 
of the total haemoglobin added. 

Example 2. 

Renal Excretion of Haemoglobin and 100 
Dextran-Haemoglobin by Rats. 

To test the effectiveness of the complex 
according to the present invention as a blood 
substitute, 3 ml of a 2% w/v dextran-haemo- 
glebin complex solution, prepared according 105 
to Example 1, was infused into a Wistar rat, 
and the amount of dextran-haemoglobin ex- 
creted by the animaL was estimated by wash- 
ing the bladder with a continuous stream of 
physiological saline, and measuring the amount 1 10 
of dissolved haemoglobin in the wash as a 
function of time. An exactly similar control 
experiment was run, except using 3 ml of a 
2% w/v haemoglobin solution. In both in- 
stances, the haemoglobin content was deter- 115 
mined spectrophotometrically in terms of 
optical density at 415 nm. 

The results are shown graphically on the 
attached Figure. This is a graphical repre- 
sentation of optical density plotted against 120 
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time, for the respective experiments. It will 
be seen that the rate of excretion of the haemo- 
globin is much greater than the rate of excre- 
tion of the dextran-haemoglobin complex. 
5 This experiment demonstrates that dextran- 
haemoglobin is potentially a much more useful 
blood substitute than free haemoglobin with 
respect to its vastly improved retention by the 
animal against renal excretion. 

10 Example 3. 

2 g of dextran (weight average molecular 
weight 110,000) was dissolved in 75 ml dis- 
tilled water, the pH was adjusted to 10.8 
with 2M NaOH, and to this 0.3 g cyanogen 

15 bromide dissolved in 3 ml of acetonitrile was 
added with stirring at room temperature. The 
pH was maintained at 10.8 for 5 minutes by 
addition of 2M NaOH. The pH was then 
adjusted to about 2.0 — 2.5 with concentrated 

20 HC1 and the solution was stirred for another 
minute. 3 ml of ethylenediamine were added 
along with additional HC1 to prevent the pH 
from exceeding 9.5; the final pH was adjusted 
to 9.5. The solution was stirred overnight at 

25 4°C. The aminated dextran formed was 
dialyzed in a Bio-Fiber 50 beaker (Bio-Rad 
Laboratories) against deionized water until 
no free amine could be detected in the 
dialysate by ninhydrin. The dialyzed solution 

30 was lyophilized to give about 1.6 g of dried 
aminated dextran. This was dissolved in 50 



ml CUM phosphate buffer, pH 7.0, and 3 ml 
of bromoacetyl bromide was added through a 
pasteur pipette with a finely drawn capillary 
tip over a period of 60 minutes. Throughout 35 
the solution was stirred vigorously in an ice- 
water bath, and maintained at pH 6.6 to 6.8 
by means of a pH-stat with the addition of 
2M NaOH solution during the addition of 
bromoacetyl bromide. Afterwards the solution 40 
was dialyzed against deionized water until no 
free bromine could be detected in the dialysate 
by silver nitrate. About 1.5 g of Br-dextran 
was obtained upon lyophilization. The experi- 
ment was repeated using other dextrans of 45 
average molecular weight 200,000; 70,000; 
40,000; and 20,000. The bromine content of 
the various Br-dextrans synthesized, deter- 
mined on the basis of elemental analysis, was 
in the range 9 — 11 glucose residues per bromine 50 
atom. 

The Br-dextrans so formed were coupled 
with haemoglobin, by dissolving a specified 
amount in 6 ml haemoglobin solution (con- 
taining 2.5, 5 or 10% w/v haemoglobin in 55 
0.1M sodium bicarbonate, pH 9.5). The 
coupling was allowed to proceed with constant 
mixing at 4°C. Yields of coupled products 
were determined by eluting the reaction mix- 
ture on a Sephadex column with 0.05 M phos- 60 
phate buffer, pH 7.5. Haemoglobin content 
was determined by absorbance at specified 
wavelengths. Results are given in Table 1. 
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TABLE 1 



Dextran 


% Br-Dextran 
in Reactant 
ooi \.w/ 


% Haemoglobin 
in Reactant 

Crtin f\3J /\r\ 

OOl V.W/ V ) 


Molar Ratio 
of Dextran/ 
nacmogio Din 


Reaction 
Time 

fHrc \ 

vnis . j 


Vis cosity 
(Centi- 


% Yield of 
Coupled 

rlOUUCt 


200 000 


3.33 


5.0 


0.21 


24 


35.19 


96 


200,000 


3.33 


5.0 


0.21 


48 


gelled 




200,000 


3.33 


2.5 


0.43 


24 


9.86 


97 


200,000 


1.66 


5.0 


0.11 


24 


7.56 


92 


200,000 


1.66 


5.0 


0.11 


48 


8.47 


96 


110,000 


3.33 


5.0 


0.39 


24 


20.94 


95 


110,000 


3.33 


5.0 


0.39 


48 


45.29 


97 


110,000 


3.33 


5.0 


0.39 


72 


gelled 




i in nn a 


3. ,53 




A *70 




"7/11 

7.43 


f\"7 

97 


110,000 


1.66 


5.0 


0.19 


24 


6.43 


85 


110,000 


L66 


5.0 


0.19 


48 


7.39 


93 


110,000 


1.66 


5.0 


0.19 


72 


8.07 


95 


70,000 


3.33 


5.0 


0.61 


24 


19.40 


_____ 

99 


70 noo 


3 33 


2 5 


1 22 


24 


6 72 


98 


70 000 


1.66 


5.0 


0.31 


24 


5.81 


87 


70,000 


1.66 


5.0 


0.31 


48 


6.49 


94 


70,000 


1.66 


5.0 


0.31 


72 


6.90 


96 


40,000 


3.33 


10.0 


0.54 


24 


15.37 


- 83 


40,000 


3.33 


10.0 


0.54 


48 


20.10 


90 


40,000 


3.33 


10.0 


0.54 


72 


22.65 


94 


40,000 


3.33 


5.0 


1.07 


24 


6.32 


96 


40,000 


3.33 


2.5 


2.15 


24 


4.14 


99 


40,000 


1.66 


5.0 


0.54 


72 


4.29 


92 
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TABLE I (Continued) 



Dextran 
Wt. 


— — — — — 

% Br-Dextran 
in Reactant 
Sol n (w/v) 


% Haemoglobin 
In Reactant 
Sol" (w/v) 1 


Molar Ratio 
of Dextran/ 
haemoglobin 


Reaction 
Time 
(Hrs.) 


Viscosity 
(Centi- 
Stokes) 


% Yield of 
Coupled 
Product 


20,000 


33.3 


10.0 


1.07 


48 


8.91 


97 


20,000 


3.33 


10.0 


1.07 


72 


10.24 


98 


20,000 


1.66 


5.0 


1.07 


72 


3.07 


94 



These results show that with each dextran 
over 90% yields of coupled product can be 
obtained by suitable choice of experimental 
5 conditions. 

Example 4. 
Preparation of Dextran-Haemoglobin 
Complex by Method II. 
One gm of dextran (mol. wt. 40,000) was 

10 thoroughly mixed with 1 ml of £-chloroethyl- 
amine, which was obtained as the upper phase 
from an addition of concentrated NadH to 
/?-chloroethylamine hydrochloride. The mix- 
ture was further mixed with 0.4 ml of concen- 

15 trated NaOH,, placed in a capped tube and 
autoclaved at 120°C for 1 hour. Then 1 ml of 
^-chloroethylamine and 0.4 ml of concentrated 
NaOH were added, and the mixture again 
autoclaved at 120° for 1 hour; this was re- 

20 peated yet another time. After cooling, the 
mixture was thoroughly dialysed against dis- 
tilled water and placed finally in 11 ml of 
0.1 M phosphate buffer, pH 6.8. 

This solution of aminoethyl-O-dextran was 

25 acylated with the slow addition of 0.5 ml of 
bromoacetyl bromide over a period of about 
1 hour. It was thoroughly dialyzed against 
distilled water and freeze-dried. 

C.l gm of the freeze dried bromoacetyl- 

30 aminoethyl-O-dextran was added to 1.7 ml 
of 5% w/v human haemoglobin in 0.1 M 
sodium bicarbonate buffer, pH 9.5, and held 
at 4°C for 48 hours. Chromatography of 
Sephadex indicated that over 90% of the 

35 haemoglobin was coupled in the form of 
dextran-haemoglobin. 

Example 5. 
Preparation of Dextran-Haemoglobin 
Complex by Method III. 
40 One millilitre of a 12% w/v aqueous solu- 
tion of sodium periodate was added to 10 ml 
of a 10% w/v aqueous solution of dextran, 
and the mixture was left overnight in the dark 
at 4°C. A 3% w/v solution of sodium bisulfite 
45 was added until the mixture turned brown and 
then, once again, colourless. The mixture was 
dialyzed against distilled water to yield the 
dextran-dialdehyde solution. It was then added 



to 2 volumes of 3% w/v stroma -free haemo- 
globin in 0.3 M sodium bicarbonate buffer, 50 
pH 9.5. Coupling of haemoglobin to dextran 
was allowed to proceed overnight at 4°C. The 
dextran-haemoglobin complex formed was 
separated from uncoupled haemoglobin by 
means of chromatography on a Sephadex G- 55 
200 column. About 60% o yield of coupled 
product was obtained. 

Example 6. 
Renal Excretion of Haemoglobin and 
Dextran-Haemoglobin by Rabbits. 

Male rabbits, of body weight 3.3 — 3.5 kg, 60 
were anesthetized with 0.1 g of sodium pento- 
thal. A solution of haemoglobin or dextran- 
haemoglobin (molecular weight of dextran: 
200,000—275,000) according to the inven- 
tion, in a standard kidney dialyizing buffer 
(according to Rabiner et al, 1967, J. Exp. 
Med. 126, 1127—1142), containing 20u Ci 
(microCuries) of [ 3 H] methoxy-inulin, was 
infused into each animal through the marginal 
ear vein at 1.1 ml/minute. After the solution 
had been infused, infusion was continued at 
the same rate with buffer to maintain urinary 
output. At intervals, the content of the bladder 
was washed out with three 5 -ml portions of 
0.9% w/v saline with the use of a Foley 
no. catheter (3 ml) and, after centrifugation 
at 3000 X g for 10 minutes to remove any 
sedimentable material, the dissolved haemo- 
globin or dextran-haemoglobin in the com- 
bined washes was determined on the basis of 
absorbance at 576 nm. The [ S H] insulin con- 
tent in the combined washes was measured by 
scintillation counting with correction for 
quenching by haemoglobin; an external radia- 
tion standard in the Nuclear Chicago Mark II 
counter was used to determine quenching. 
Plasma concentration of a haemoglobin or 
dextran-haemoglobin was determined at 
various times by withdrawing blood samples 
from the carotid artery and making absorb- 
ance measurements on the samples at 576 nm 
after sedimenting the erythrocytes. 

Tests were conducted using 50 ml or 30 
ml samples of 1% w/v haemoglobin, or 
dextran-haemoglobin containing 1% w/v 
equivalent of haemoglobin. 
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It was found that the dextran-haemoglobin, 
specifically that produced by the method of 
Examples 1 and 3, was excreted through the 
kidneys and removed from circulation at a 

5 greatly reduced rate compared to free haemo- 
globin even though renal function in the ani- 
mals infused with dextran-haemoglobin, as 
indicated by inulin excretion, was unim- 
paired. Furthermore, since it was repeatedly 

10 observed with different animals and at different 
dosages of infusion, this dissimilar physio- 
logical behaviour cf dextran-haemoglobin and 
free haemoglobin was due to the different 
nature of the substances, not to some chance 

15 variation in, for example, the blood hapto- 
globin level of the experimental animals. 

The oxygen-binding characteristics of pro- 
ducts according to the present invention are 
determined bv the method of Benesch et at, 

20 (1965) Anal. Biochem. 11, 81 — 87. It is found 
that, as compared with hemoglobin, the pro- 
ducts according to the present invention tend 
to show a somewhat greater affinity for oxygen, 
but retain the essential oxygen-transporting 

25 and releasing capability of haemoglobin. As 
measured by the half-saturation oxygen ten- 
sion, the dextran-haemoglobin complex pre- 
pared by method I described above shows 
approximately 2.5-fold greater affinity for oxy- 

3Q gen compared to free haemoglobin. The oxygen 
affinity of the complex can be varied by suit- 
able chemical treatment of the haemoglobin, 
before or after coupling with the poly- 
saccharide, for example by reacting it with 

35 pyridoxal phosphate and reducing with sodium 
borohydride. 

WHAT WE CLAIM IS: — 

1. A high molecular weight water-soluble 
product having oxygen-transporting capability, 

40 which may be used in a blood substitute or 
blood extender composition and which is ob- 
tainer by covalently coupled haemoglobin and 
a polysaccharide which has a molecular weight 
of from 5,000 to 2,000,000 and which is 

45 selected from dextran, a-hydroxyethyl starch 
and /?-hydroxyethyl starch. 

2. A product according to claim 1 having 
a molecular weight of at least 70,000 and the 
general formula 

50 (PS)-X— (HB) 

wherein PS is the polysaccharide, HB is haemo- 
globin and X is a covalently bonded chemical 
bridging group. 

3. A product according to claim 1 or claim 
55 2 wherein the polysaccharide has a molecular 

weight of from 5,000 to 200,000. 

4. A product according to claim 3 wherein 
the polysaccharide has a molecular weight of 
from 20,000 to 70,000. 

60 5. A product according to any preceding 
claim wherein the polysaccharide is modified 
and contains groups capable of reaction with 



amino, phenolic hydroxyl, sulfhydryl, thio- 
methyl, imidazo or carboxyl side groups on 
the haemoglobin. 65 

6. A product according to claim 5 wherein 
the polysaccharide is modified to contain at 
least one acylating, alkylating, ester-forming, 
amide-forming, disulfide-forming, dicarbonyl 

or diazo group and/or a reactive group ob- 70 
tained by reaction of cyanogen bromide with 
the polysaccharide. 

7. A product according to any preceding 
claim which is the product of reacting haemo- 
globin with a bromoacetyl - aminoethyl - iso- 75 
ureido - polysaccharide of the formula 

( P S )— O— C (NH)— NH— CH 2 — CH 2 — 

NH — CO — CH 2 Br 

wherein PS is the polysaccharide. 

8. A product according to any of claims 

1 to 6 which is the product of reacting haemo- 80 
globin with a bromoacetyl - aminoethyl - O- 
polysaccharide of the formula 

(PS ) — O — CH 2 — CH 2 — NH — CO — CH 2 Br 

wherein PS is the polysaccharide. 

9. A product according to any of claims 85 
I to 6 which is the product of reacting haemo- 
globin with a dialdehyde polysaccharide of 

the formula 

CHO 

/ 
(PS) 

\ 

CHO 

wherein PS is the polysaccharide. 90 

10. A product according to any preceding 
claim wherein the polysaccharide is dextran. 

11. A haemoglobin - S - acetylaminoethyl- 
isoureido - polysaccharide of the formula 

(PS)— O— C(NH)— NH— CH 2 — CH 2 — Q . 

NH — CO — CH 2 — S — (HB ) V3 

wherein PS is the polysaccharide and HB is 
haemoglobin. 

12. A product according to claim 11 
wherein the polysaccharide is dextran. 

13. A haemoglobin - S - acetyiaminoethyl- 100 
O - polysaccharide of the formula 



(PS )— O— CH 2 — CH— NH— CO— 

CH 2 — S — (HB) 



14. A product according to claim 13 wherein 
the polysaccharide is dextran. 

15. A haemoglobin - N - polysaccharide of 105 
the formula 
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(PS)-^ (HB) 



CH 



OH 



wherein PS is the polysaccharide and HB is 
haemoglobin. 

16. A product according to claim 15 
5 wherein the polysaccharide is dextran. 

17. A product according to claim 1 sub- 
stantially as described in any of Examples 1, 
3, 4 and 5. 

18. A process of preparing a product which 
10 may be used as a blood substitute or blood 

extender, which comprises covalently coupling 
haemoglobin with a polysaccharide having a 
molecular weight of from 5,000 to 2,000,000 
and selected from dextran, a-hydroxyethyi 
15 starch and /?-hydroxyethyl starch, to form a 
water-soluble covalently-coupled complex 
thereof. 

19. A process according to claim 18 which 
comprises 

20 (a) chemically modifying the poly- 
saccharide to introduce into the polysaccharide 
groups capable of reaction with haemoglobin 
and selected from acylating, alkylating, ester- 
forming, amide-forming and disulfide-f orm- 

25 m 8 groups; and 

(b) reacting the modified polysacharide 
with haemoglobin. 

20. A process according to claim 18 which 
comprises (a) reacting the polysaccharide with 

30 cyanogen bromide; (b) reacting the product 
of step (a) with ethylenediamine to form an 
aminoethyl - isoureido - polysaccharide of the 
formula 

(PS ) — O — C(NH) — NH — CH 2 — CH 2 — NH 2 

35 wherein PS is the polysaccharide; 

(c) acylating the aminoethyl - isoureido - 
polysaccharide with a haloacetyl halide of the 
formula 

YCHjj — CO — Z 



wherein Y and 2 are the same or different 40 
halogen atoms, to form a haloacetyl - amino- 
ethyl - isoureido - polysaccharide of the for- 
mula 

(PS) — O — C(NH) — NH — CH 2 — CH 2 — 

NH — CO — CH 2 Y 

wherein PS and Y are as defined above; and 45 

(d) reacting the haloacetyl - aminoethyl- 
isoureido - polysaccharide with haemoglobin 
to form a product according to claim 11. 

21. A process according to claim 18 which 
comprises 50 

(a) reacting the polysaccharide with a 2- 
haloethylamine to form an aminoethyl - O- 
polysaccharide of the formula 

( ps ) — O — CH 2 — CH 2 — NH 2 

wherein PS is the polysaccharide; 55 

(b) reacting the aminoethyl - O - poly- 
saccharide with a haloacetyl halide as defined 
in claim 20 to form a haloacetyl - aminoethyl- 
O - polysaccharide of the formula 

(PS ) — O — CH 2 — CH 2 — NH — CO— CH 2 Y 50 

wherein PS is the polysaccharide and Y is 
halogen atom; and 

(c) reacting the haloacetyl - aminoethyl- 

0 - polysaccharide with haemoglobin to form 

a product according to claim 13. 65 

22. A process according to claim 18 sub- 
stantially as described in any of Examples 1, 
3, 4 and 5. 

23. The product of a process according 

to any of claims 18 to 22. 70 

24. A blood substitute or blood extender 
composition which comprises an aqueous solu- 
tion of a product according to any of claims 

1 to 17 and 23. 

25. A composition according to claim 24 75 
substantially as described in Example 2 or 
Example 6. 

For the Applicants: 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
53/64 Chancery Lane, London, WC2A 1HN. 
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